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Abstract 
Many common voice disorders are chronic or recurring conditions likely to result from 
faulty and/or abusive patterns of vocal behavior. Such behaviorally based disorders can 
be difficult to assess accurately in the clinical setting and potentially could be much better 
characterized by long-term ambulatory monitoring of vocal function as individuals engage 
in their typical daily activities. Ambulatory monitoring also could provide new insight into 
the actual role of voice use in common disorders and missing quantitative data on what 
constitutes normal levels of daily voice use for different groups of individuals, activities, 
and occupations. This report describes the motivation, previous development efforts, 
current state-of-the-art technology, and future directions in ambulatory monitoring of voice 
use.  

There is growing interest in developing medical devices for monitoring the function of 
body systems while individuals engage in their normal daily activities (vocation, avocation, etc.) 
to help facilitate the detection/diagnosis of abnormalities that may not be readily apparent 
during routine clinical examinations. Versions of systems exist for ambulatory monitoring of 
heart, respiratory, gastrointestinal, and brain function. One major impetus for expanding 
ambulatory monitoring capabilities is the desire to provide remote surveillance of health 
conditions/status and facilitate prevention and/or timely intervention, particularly as an aging 
population strives to live independently. 

One area that has received recent attention has been in the development of devices for 
ambulatory monitoring of daily voice use. This area of focus has been motivated by the fact 
that many common voice disorders are chronic or recurring conditions likely to result from 
faulty and/or abusive patterns of vocal behavior, which produce phonotraumatic vocal fold 
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lesions (e.g., vocal fold nodules) and/or result in functional dysphonia and vocal fatigue 
(Hillman, Holmberg, Perkell, Walsh, & Vaughan, 1989). A higher risk for developing these types 
of disorders has been linked to occupations associated with high levels of voice use such as 
singers, counselors, social workers, teachers (primary or secondary school), lawyers, clergy, 
telemarketers, sales people, and healthcare workers (Verdolini & Ramig, 2001). Because voice 
use is considered to play a major role in the etiology of many common voice disorders, 
clinicians focus a great deal of attention on attempting to evaluate and modify how patients 
typically use their voices. Such efforts currently are limited by a reliance on patient self-
reporting and self-monitoring. It is obvious that these approaches are very subjective and likely 
to be unreliable, particularly given that patterns of voice use (and misuse) become highly 
habituated and somewhat automatic and therefore are carried out below an individual’s level of 
consciousness. There is actually a paucity of objective information about the actual role of daily 
voice use in the etiology of voice disorders, as well as minimal quantitative information about 
what constitutes normal levels of daily voice use (e.g., levels of voice use in different 
occupations; Cheyne, Hanson, Genereux, Stevens, & Hillman, 2003).  

There are a variety of voice-use-related behaviors that are believed to contribute to voice 
disorders, particularly those associated with phonotrauma, including excessive loudness, 
inappropriate pitch, and perhaps phonating (speaking) for excessive lengths of time (Verdolini, 
Rosen, & Branski, 2005). Treatment of these disorders, which involves the identification and 
modification of such behaviors, would be greatly enhanced by the ability to unobtrusively 
monitor and quantify such behaviors through the measurement of distributions of intensity 
(sound pressure level; SPL), fundamental frequency (f0), and phonation duration over the 
course of a patient's typical day. Such information would enable clinicians to precisely pinpoint 
the location and duration of abusive and/or inappropriate behaviors and to specifically target 
these behaviors for modification. With appropriate enhancements, the monitoring device also 
could have great potential for improving treatment of voice-use-related disorders. Specifically, 
by providing real-time ambulatory biofeedback to patients (using an earphone or vibrating 
piece), abusive vocal behaviors could be signaled and then, hopefully, reduced. 

Voice use is believed to be an important (but poorly understood) factor in how patients 
recover from laryngeal surgery. It is difficult for many patients to completely cease talking 
following laryngeal surgery, and some clinicians have been led to instruct patients to use their 
voices in ways that are intended to reduce the forces of phonation (reduced intensity, reduced 
talking time, etc.) and thus promote healing. A device that would allow ongoing monitoring of 
voice use during the critical post-operative period could improve patient compliance with these 
instructions and better ensure successful surgical recovery while offering a possible new 
mechanism for understanding how voice use affects the healing process. 

Daily voice use is likely to vary widely from individual to individual, depending upon 
factors such as age, profession, living environment, and perhaps gender and ethnic group. A 
device that is capable of unobtrusively monitoring vocal function will enable the acquisition of 
important new information about the vocal demands (and/or vocal endurance) that are 
typically required for various types of normal speakers to carry out their daily activities (e.g., 
different professions). Such objective normative information is critical to developing a more 
clinically useful understanding of what constitutes “safe limits” for voice use and, conversely, 
identifying vocal functioning that places the voice user at increased risk for the development of 
voice-use-related vocal pathology. Clinicians could use the data obtained by such a device to 
better counsel patients with voice disorders about whether or not they would be able to meet 
the vocal demands of their job, or if they should plan to modify or adjust their job-related 
activities to conserve vocal function.  

It has been long acknowledged that clinical approaches to the diagnosis and treatment 
of voice disorders could be greatly improved by the availability of instrumentation that provides 
continuous unobtrusive monitoring of important vocal parameters for an extended period of 
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time, i.e., across the span of a typical day. There have been several attempts starting in the 
1970s to develop such devices (Airo, Olkinuora, & Sala, 2000; Buekers, Bierens, Kingma, & 
Marres, 1995; Masuda, Ikeda, Manako, & Komiyam, 1993; Ohlsson, Brink, & Lofqvist, 1989; 
Ryu, Komiyama, Kannae, & Watanabe, 1983; Watanabe, Komiyama, Ryu, & Kannae, 1984; 
Watanabe, Shin, Oda, Fukaura, & Komiyama, 1987), which were generally referred to as “voice 
accumulators” (Buekers et al., 1995; Ohlsson et al.) or “speech accumulators” (Ryu et al.). 
While these earlier devices served to demonstrate the general proof of concept for ambulatory 
monitoring of voice use, as well as the potential benefits of such a device to clinical and 
research endeavors, they all appeared to have characteristics that would have significantly 
limited their use as clinical devices (e.g., obtrusive physical design, overly coarse sampling of 
vocal parameters, limited number of vocal parameters). It also is important to note that none of 
these devices has been made commercially available. 

Some of the earlier devices (Ohlsson et al., 1989; Watanabe et al., 1987) did not record 
voice intensity and thus were not suited for application to voice disorders where excessive 
intensity is thought to be an important etiological factor. The study by Buekers and colleagues 
(1995) is probably the most relevant in that it provides both a proof of concept for this 
approach and some quantitative data that profiles both phonation duration and intensity for 
different professions. Repeated measures for 2 subjects showed day-to-day consistency in both 
the total duration of phonation and the intensity distribution of that phonation. This is 
important to establish for individual subjects and across subject groups if voice accumulators 
are to be used to track changes as a function of different interventions such as biofeedback or 
speech therapy protocols. Clear differences also were demonstrated as a function of 
occupation, which is consistent with observations that individuals in high-voice-use jobs (e.g., 
kindergarten teachers) have more frequent voice complaints than those in low-voice-use jobs 
(e.g., bookkeepers). Another interesting observation confirmed in other studies is that the 
actual total phonation time tends to be much less than speakers are likely to 'self-report' 
(Ohlsson et al.; Watanabe et al., 1987). In the Ohlsson and colleagues study, subjects 
estimated their voice use constituted 62%-71% of their time, while in fact their actual 
phonation time accounted for only about 7% of their time. 

State-of-the-Art Technology 
Efforts to improve ambulatory voice monitoring technology for research and clinical 

purposes have continued over the past decade. Our group (Cheyne, 2002; Cheyne et al., 2003; 
Hillman, Heaton, Masaki, Zeitels, & Cheyne, 2006; Zañartu et al., 2009) and others (Švec, 
Popolo, & Titze, 2003; Švec, Titze, & Popolo, 2005) have shown that a miniature accelerometer 
(ACC; Model BU-7135, Knowles Corp.) currently offers the best potential as a phonation sensor 
for long-term monitoring of vocal function because it is small and can be worn unobtrusively at 
the base of the neck (just above the sternal notch), has sensitivity and dynamic range 
characteristics that make it well suited to sensing vocal fold vibration, is relatively immune to 
other environmental sounds, has low power consumption, and produces a voice-related signal 
that is not filtered by the vocal tract, which, compared to a microphone signal, makes it easier 
to process, is more robust for sensing disordered phonation, and alleviates confidentiality 
concerns (speech audio is not recorded).  

Two ACC-based ambulatory monitoring systems were developed in the early part of the 
past decade. One, by Titze and colleagues (Popolo, Švec, & Titze, 2005), utilized a personal 
digital assistant (PDA) as the data acquisition platform to create a proprietary research device. 
Unfortunately, design decisions that were specific to this PDA make implementation on newer 
platforms challenging. Data obtained from teachers with this device have produced valuable 
new information about voice use (Nix, Švec, Laukkanen, & Titze, 2007; Titze, Hunter, & Švec, 
2007) and provided a test bed for developing theoretical concepts about vocal dose (sometimes 
referred to as vocal loading; Rantala, Vilkman, & Blogu, 2002; Švec et al., 2003; Titze, Švec, & 
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Popolo, 2003). The other ACC-based system was the result of a prolonged development effort by 
our group that culminated in the Ambulatory Phonation Monitor (APM), which is the first 
commercially-available device for research and clinical use (Model 3200, KayPENTAX, Lincoln 
Park, NJ). Figure 1 illustrates typical placement of the ACC for the APM device at the anterior 
neck region above the sternal notch. Both of these ACC-based devices unobtrusively collect 
long-term data on f0, SPL, and phonation duration while the wearer engages in typical daily 
activity.  

 

 

 

 

 

 

Figure 1. Illustration of the commercially-
available APM Model 3200 worn by a 
speaker. The inset shows the size of the 
accelerometer (mounted on a soft silicone 
pad) relative to a US penny. 

 

 

 

 

 

 

Results from ambulatory voice monitoring for f0 and SPL can be expressed as average 
values and ranges, and/or displayed as distributions (histograms) across selected time periods 
(often an entire day). Phonation duration typically is reported as a percentage of the total 
selected monitoring period spent voicing (percent phonation time) and also can be used in 
finer-grained analyses to describe the temporal characteristics of phonatory versus non-
phonatory (recovery) periods (Titze et al., 2007). Additional measures of vocal dose or vocal 
loading also can be derived from other monitored parameters, including cycle dose (total 
number of cycles of vocal fold vibration in a given period of time) and distance dose (estimate of 
the total distance traveled by the vibrating vocal folds in a given period of time based on a 
theoretical framework that combines values for f0, SPL, and phonation duration; Švec et al., 
2003; Titze et al., 2003). The APM also provides simultaneous biofeedback capabilities (via a 
separate pager vibrator) based on thresholds set for f0 or SPL. 

More recently, two additional ambulatory voice monitoring systems have been developed 
by other groups. The Vocalog Vocal Activity Monitor (Griffin Laboratories) is a commercially-
available device that uses a neck-mounted contact microphone as the phonation sensor and 
provides simultaneous long-term monitoring and biofeedback for vocal SPL. The VoxLog 
(Sonvox) was recently introduced in Sweden as a research device (approval for clinical use is 
pending) that can provide long-term ambulatory monitoring of f0, SPL, and phonation duration 
using either of two sensor configurations: a neck-placed ACC for sensing the wearer’s 
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phonation, or a neck-mounted collar that contains both an ACC for sensing the wearer’s 
phonation and a microphone for sensing background noise (environmental sound levels). A 
background noise measure is included in the VoxLog system under the assumption that this 
would be helpful in assessing the impact that such noise may have on the vocal SPL of the 
individual being monitored (e.g., the Lombard effect). The VoxLog also provides simultaneous 
biofeedback capabilities (via an integrated pager vibrator) based on thresholds set for f0 or SPL.  

Future Directions 
Current versions of ambulatory monitoring devices have begun to produce valuable new 

insights into daily patterns of voice use, and enthusiasm remains high for the potential of these 
devices to improve the diagnosis and treatment of voice disorders. The adoption of this 
technology into clinical practice, however, has been limited because of the lack of statistically 
robust studies to determine the true diagnostic capabilities of ambulatory voice measures. 
There is a need to collect long-term ambulatory data on groups of patients with voice-use-
related disorders (before and after treatment) and matched controls that are large enough to 
permit robust statistical testing of derived measures. The ultimate goal is to determine if there 
are ambulatory voice measures that can reliably differentiate between 
pathological/hyperfunctional and normal patterns of daily voice use.  

There is preliminary evidence that measures of vocal function in addition to f0, SPL, 
and phonation duration can be derived from the ACC signal. In particular, Zañartu (2010) has 
shown that a vocal system model can be used to estimate the glottal volume velocity airflow 
based on the acceleration signal from the anterior neck (skin) surface. Adding this capability to 
ambulatory voice monitoring could enhance its clinical use since it already has been shown 
that a combination of acoustic and aerodynamic (based on the glottal volume velocity 
waveform) measures have the potential to differentiate between hyperfunctional and normal 
patterns of vocal function.  

Ambulatory biofeedback has been shown in early case studies to have some potential to 
facilitate vocal behavioral changes being targeted in voice therapy (Kay PENTAX, 2009). 
However, current devices are limited to rudimentary routines that only can provide feedback 
based on setting simple thresholds for f0 and SPL. Although apparently useful to some 
patients, this does not provide the capability to facilitate and reinforce changes in many other 
vocal behaviors that could be targeted in voice therapy. The potential for expanding the 
biofeedback capability of ambulatory voice monitoring systems could be increased dramatically 
once measures that differentiate pathological/hyperfunctional and normal patterns of vocal 
behavior are identified. 
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